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INFORMATION CODE 

Technical Field 

The present invention relates to a product which is 
provided with a first information code that is arranged 
to redundantly code a first information element by means 
5 of a plurality of marks. The invention also relates to 
methods and devices for coding and decoding an informa- 
tion code. 

In addition, the invention relates to a product with 
an information code that cannot be copied while retaining 
10 its functionality and a method for producing such a pro- 
duct . 

Background Art 

It is already known that handwriting can be digitis- 
ed by determining how a pen that is used to produce the 

15 handwriting is being moved. One way of carrying this out 
is to use a base for the handwriting that is provided 
with a position-coding pattern that codes coordinates 
for points on the base and also to provide the pen with 
a sensor that records the position-coding pattern locally 

2 0 at the pen point while the pen is being moved across the 
base. A processing unit, that can be placed in the pen 
or remotely from this, can thereafter decode the recorded 
position-coding pattern, so that the movement of the pen 
across the base can be determined as a series of coordi- 

25 nates. 

In WO 01/26032, which has been assigned to the same 
Applicant as the Applicant for the present application, 
a position-coding pattern is described that can be used 
for digitising handwriting. The pattern is constructed 
30 of marks, which for example can be in the form of dots. 

Each dot has a nominal position, which can consist of an 
intersection between two lines in a virtual raster, for 
example a square grid. Each dot codes a particular value 
dependent upon its placing in relation to the nominal 
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position. The dots can, for example, have four possible 
placings, one on each of the four raster lines that ema- 
nate from the intersection, with the four different plac- 
ings coding four different values. The coordinates for 
5 a point are coded using a plurality of dots, for exam- 
ple 6*6 dots. Each dot contributes, however, to the cod- 
ing of the coordinates for several points. If a sensor 
first reads 6*6 dots and thereafter is moved to the side 
or vertically by the distance of one dot, the sensor will 

10 read dots that code the coordinates for a new point. 

Each set of 6*6 dots thus defines a position in the total 
position-coding pattern. In this application, this type 
of pattern is called "floating". 

Using the position-coding pattern in the above- 

15 mentioned WO 01/26032, coordinates can be coded for a 

very large number of points, theoretically 4^^ points if 
each point is coded by 6*6 dots. All these points can be 
said to form an imaginary surface or constitute points in 
a coordinate system. 

20 WO 01/71653, which has been assigned to the same 

Applicant as the Applicant for the present application, 
describes how the position-coding pattern described in 
WO 01/26032 can be used instead for general information 
coding . 

25 WO 01/48685, which has also been assigned to the 

same Applicant as the Applicant for the present appli- 
cation, describes how the position-coding pattern in 
WO 01/26032 can be used to control the processing of 
the digital information that is recorded by means of 

30 the position-coding pattern. More specifically, the 

processing unit that decodes the position-coding pattern 
can store different digital templates, that define how 
information that is recorded from different parts of the 
position-coding pattern is to be interpreted. An e-mail 

35 template can, for example, specify that information, that 
is pairs of coordinates, recorded from a first field in 
the position-coding pattern on a base constitutes message 
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information, that information recorded from a second 
field constitutes an e-mail address and is to be inter- 
preted by ICR (ICR = Intelligent Character Recognition) , 
and that information recorded from a third field is to 
5 be regarded as an instruction to send the message infor- 
mation originating from the first field to the e-mail 
address determined from the second field. The digital 
template thus comprises a description of which coordi- 
nate areas correspond to which fields. The processing 

10 unit utilizes this description in order to determine how 
decoded pairs of coordinates are to be processed. 

In addition, WO 01/48685 describes how the position- 
coding pattern can be divided into pages and how the same 
digital template that is in the processing unit can be 

15 used for several pages in the posit ion- coding pattern. 

In order to make possible flexible information pro- 
cessing, different parties may want to have bases with 
different functions associated with different fields, 
with different numbers of fields, with differently placed 

20 fields and with differently sized fields. For this pur- 
pose, the processing unit may need to store a large num- 
ber of different digital templates, which in addition may 
need to be updated and supplemented, as different parties 
want to create new bases . 

25 This can constitute a problem, particularly if the 

processing unit has limited memory capacity and/or if it 
is time-consuming to amend, supplement and/or update the 
digital templates once these have been stored in the pro- 
cessing unit. This can, for example, be the case if the 

3 0 processing unit is in a portable user unit, such as the 
pen in WO 01/48685. 

In the Swedish patent application SE 0103029-5, 
which was filed on 13 September 2 001 by the same Appli- 
cant as the Applicant for the present application and 

35 which was thus not available to the public at the time 

of filing SE 023853-7, from which the present application 
claims priority, a solution is proposed to the problem of 
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the need to store a multitude of digital templates. More 
specifically, use is proposed of a coding pattern that 
comprises a plurality of marks, the position information 
being coded by a variation in a first parameter of the 
5 marks and additional information being coded by a varia- 
tion in a second parameter of the marks. The additional 
information can be used for indicating or marking out 
fields of the type described above in the coding pattern 
on the physical base. Instead of the information about 

10 the different fields being in digital templates, it can 
thus be coded directly in the coding pattern, with the 
result that in principle any layouts for information pro- 
cessing can be achieved on physical bases and that the 
processing unit needs to store considerably less infor- 

15 mation than in the case with digital templates. 

The additional information can alternatively be used 
to indicate in the coding pattern on the physical base 
whether a particular field in a digital template with 
several alternative fields is activated or not. By digi- 

2 0 tal templates being combined so that in each digital tem- 
plate ther.e is a description of a large number of alter- 
natively useable fields and by the fields used in each 
individual case being activated by means of the coding 
of additional information in the coding pattern on the 

25 physical base, the number of digital templates required 
can be reduced. 

The indication or activation of fields is achiev- 
ed by the coding pattern in the different fields being 
divided into cells, each of which comprises a plurality 

30 of marks, and by each of the cells being allocated a pre- 
determined value by means of the variation in the second 
parameter. 

In the Swedish patent application SE 0201846-3, 
which was filed on 18 June 2 002 by the same Applicant as 
35 the Applicant for the present application and which was 
thus not available to the public at the time of filing 
SE 0203853-7, from which the present application claims 
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priority, an alternative solution is described to the 
problem of the need to store a multitude of digital 
templates. More specifically, it is proposed in this 
application that the fields are indicated by means of a 
5 second position-coding pattern, which can be coded using 
a second parameter of the dots that are comprised in the 
first position-coding pattern. The second position-coding 
pattern codes coordinates in a second coordinate system 
which is different from the first coordinate system in 

10 which the first position-coding pattern codes coordi- 
nates. The second coordinate system is divided into par- 
tial areas with different associated functions. Thus in 
this case the processing unit only needs to store a 
description of the division of the second coordinate sys- 

15 tem into partial areas in order to be able to control the 
processing of the information that is recorded by means 
of the first position-coding pattern. 

Another problem with the coding pattern described 
above and other similar coding patterns is that a base 

20 that is provided with this pattern can be copied while 

retaining its functionality. This property is undesirable 
for the party that is selling bases with the coding pat- 
tern. There is therefore a need to provide the base with 
coding patterns that are copy protected. 

25 Summary of the Invention 

A first object of the present invention is to pro- 
pose a solution to the problem described above, namely 
that many digital templates are required to make possible 
flexible information processing. 

30 This object is achieved completely or partially by a 

product according to claim 1, a method for coding accord- 
ing to claim 15, a device for coding according to claim 
17, a method for decoding according to claim 18 and a 
device for decoding according to claim 20. 

3 5 The invention thus relates among other things to 

a product that is provided with a first information code, 
which is arranged to redundantly code at least one first 
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information element using a plurality of marks. At least 
one additional information element is coded on the pro- 
duct by at least one of said plurality of marks being 
omitted on the product . 
5 As there is a redundancy in the first information 

code, it is possible to decode the first information ele- 
ment even if one or more marks are missing. This property 
is utilized in the invention in such a way that at least 
one mark is intentionally omitted with the aim of coding 

10 at least one additional information element. 

The additional information element or elements can, 
for example, be utilized to indicate or activate fields 
on a base that is provided with a position-coding pattern 
for digital recording of handwriting. 

15 A second object of the present invention is to pro- 

pose a solution to the problem of copying. 

This object is achieved completely or partially by a 
product according to claim 21 and a method for producing 
a product according to claim 29. 

20 The invention thus relates, in addition, among other 

things to a product that is provided with an information 
code that codes at least one first information element by 
means of a plurality of marks, the product being charac- 
terized by it being provided, in addition, with at least 

25 one interference mark that has optical characteristics 

that are different from those of said plurality of marks. 

By allocating the interference mark suitable optical 
characteristics that differ from those of the ordinary 
information marks, it is possible to ensure that the 

30 interference mark is not detected by the decoding device 
that is used for decoding the information code. Alterna- 
tively, it can be ensured that the decoding device can 
distinguish the ordinary information marks from the 
interference mark so that it can disregard the interfe- 

35 rence mark during the decoding. Accordingly, the inter- 
ference mark will not interfere with the decoding of the 
information code on the original product- However, if 
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the product is copied, all the marks will, of course, 
have the same optical characteristics and the interfe- 
rence mark will thereby also be detected by the decoding 
device. If the interference mark is suitably placed and/ 
5 or designed, it can interfere with the decoding device so 
that this cannot decode the information code on a copied 
product, whereby copy protection is thus obtained. 
Brief Description of Drawings 

In the following, the present invention will be 
10 described in greater detail by way of examples, with 
reference to the accompanying drawings, in which 

Fig. 1 shows schematically a known first informa- 
tion code. 

Figs 2a and 2b show the first information code 
15 decoded into a bit matrix that codes an x- coordinate 
and a bit matrix that codes a y-coordinate . 

Figs 3a and 3b show schematically two examples of 
patterns in accordance with which marks can be omitted 
in the first information code shown in Fig. 1 without 
20 the decodability thereof being lost. 

Fig. 4 shows the same pattern as in Fig. 3a- for 
omitting marks, but the pattern is displaced in another 
way in relation to the first information code. 

Figs 5a and 5b show how the information code in 
25 Fig. 3b and 3a respectively can be divided into cells. 

Fig. 6 shows a form in which different fields can 
be indicated by the omission of marks. 

Fig. 7 is a schematic block diagram for a coding 
device for coding an information code. 
3 0 Fig. 8 is a flow chart that shows how an information 

code can be coded. 

Fig. 9 shows schematically a user unit that can be 
used for decoding an information code. 

Fig. 10 is a flow chart that shows how an informa- 
3 5 tion code can be decoded. 

Figs lla-llc show an information code without copy 
protection, the same information code with copy protec- 
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tion and the information code with copy protection after 
being copied. 

Detailed Description of Examples 

In the following, an example of a known information 
5 code in which the present invention can be utilised is 
first described with reference to Figs 1 and 2. There 
follows a description with reference to Figs 3-10 of how 
additional information can be coded in this information 
code by the omission of marks in the code. Finally, there 

10 is a description with reference to Fig. 11 of how the 
information code can be protected from copying by the 
omission of marks in the code and the addition of inter- 
ference marks . 

Fig. 1 shows an example of an information code in 

15 the form of a position-coding pattern of the type that 

is described in WO 01/26032 that was mentioned by way of 
introduction. The position-coding pattern is constructed 
of marks 1, which here are the shape of circular dots. 
Each mark is displaced in any one of four different 

20 directions in relation to a reference position or nomi- 
nal position 2, which consists of an intersection between 
raster lines 3 in a raster. The raster can be invisible, 
but in Fig. 1 the raster is shown by broken lines for the 
sake of clarity. 

25 Each mark 1 represents a value 0-3 depending upon in 

which direction the mark is displaced in relation to the 
nominal point 2. The value 0 is coded by displacement to 
the right, 1 by displacement upwards, 2 by displacement 
to the left and 3 by displacement downwards. The diffe- 

30 rent possible values 0-3 for the marks can be expressed 
in binary form as bit pairs (0,1; 0,0: 1,0; and 1,1). 
The first bit in the bit pair corresponding to a mark's 
value is used for coding position information in the 
x-direction and the second bit is used for coding posi- 

35 tion information in the y-direction. The position coding 
is thus carried out separately in the x-direction and 
the y-direction, but the graphical coding is carried out 
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using marks that are the same for the x-direction and 
the y-direction. 

Each set of 6*6 adjacent marks in the position-cod- 
ing pattern codes a position in the form of an x-coordi- 
5 nate and a y-coordinate . More specifically, each set of 
6*6 marks can be translated into a 6*6-bit matrix that 
codes an x-coordinate and a 6* 6 -bit matrix that codes a 
y-coordinate for the position. Figs 2a and 2b show an x- 
bit matrix 4 and a y-bit matrix 5 that were decoded from 

10 the information code in Fig. 1. 

In addition, consider the x-bit matrix 4. This can 
be divided into six columns, each with six bits. Each 
sequence of bits in a column constitutes a partial 
sequence in a 63 bit long cyclic main number sequence 

15 that has the property that if a partial sequence is 

extracted that is six bits in length, this has an unambi- 
guously determined location in the main number sequence. 
The six columns can thus be translated into six position 
numbers P0-P5, that correspond to six locations in the 

20 main number sequence. Between these six position numbers, 
five difference numbers D0-D4 can be created in pairs, 
which code the x-coordinate. For a certain x-coordinate, 
the position numbers P will vary depending upon the 
y-coordinate. The difference numbers D are, on the other 

2 5 hand, the same regardless of the y-coordinate, as the 
position numbers P always vary in accordance with the 
main number sequence that is repeated cyclically in the 
columns in the total position-coding pattern. 

In a corresponding way, six rows in the y-bit matrix 

30 define six position numbers P'O-P'5 in the main number 
sequence. These six position numbers define five diffe- 
rence numbers D'O-D'4, that code the y-coordinate. 

The difference numbers D and D' can, for example, 
code the x-coordinate and the y-coordinate respectively 

35 by constituting a partial sequence of an x-difference 
number sequence and a y- difference number sequence 
respectively, each of which has the property that a par- 
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tial sequence consisting of five numbers has an unambi- 
guously determined location in the difference number 
sequence. Another principle for how the difference num- 
bers D and D' code the x-coordinate and the y-coordi- 
5 nate respectively is described in the above-mentioned 
WO 01/26032. 

Even though in principle no more than 6*6 marks 
are required for defining a position, 8*8 marks are used 
advantageously for the decoding. The fact is that the 

10 above-mentioned 63 bit long main number sequence can be 
designed in such a way that none of the 8 bit long par- 
tial sequences that are included in the main number 
sequence occurs backwards and inverted or with one bit 
inverted in the main number sequence. This property of 

15 the main number sequence can be used to determine how 

a recorded image of the position-coding pattern, which, 
after all, looks essentially identical whether it is 
rotated through 0, 90, 180 or 270 degrees, is oriented. 
In addition, it can be used to correct an incorrectly 

2 0 decoded bit in an eight -bit long column or row in the 
X- or y-bit matrix 4,5. 

With decoding using 8*8 marks, the position- coding 
pattern thus, contains redundant information, which means 
that it is possible to decode positions correctly even 

25 though one or more marks are in an incorrect position in 
the position-coding pattern, are missing in the position- 
coding pattern, are decoded incorrectly or are missed 
during the decoding. This property can in turn be uti- 
lized for coding additional information in the position- 

30 coding pattern. 

As mentioned above, the position-coding pattern com- 
prises a plurality of nominal positions 2 that consist of 
intersections between raster lines 3 in a raster. In this 
example, these nominal positions 2 with associated marks 

35 1 code position information, but can also, as has been 
described above, code other information. Therefore in 
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the following the term "first information code" is used 
instead of position-coding pattern. 

Thanks to the redundancy in the first information 
code, marks that belong to certain of the nominal posi- 
5 tions can be omitted while retaining the ability to 
decode the first information code. All the marks can, 
of course, not be omitted, only a subset or a selection 
of these. The number of marks that can be omitted and 
for which nominal positions are determined by the error- 

10 correcting properties of the first information code. The 
subset of the first information code's nominal positions 
for which marks can be omitted constitutes a basis for a 
second information code for coding additional information 
in addition to that which is coded by the first informa- 

15 tion code. In the following the combination of the first 
information code and the second information code is call- 
ed just the information code. 

Figs 3a and 3b show two different examples of which 
nominal positions 2 in the first information code can 

2 0 have their associated mark omitted while retaining the 

ability to decode the first information code. The nominal 
positions 2 that belong to the first information code are 
marked by circles, which can be filled in or not, while 
the nominal positions 6 that belong to the second infor- 
25 mation code are marked by filled-in circles. 

In the example in Fig. 3a, at least four marks can 
thus be omitted in each set of 8*8 marks, while in the 
example in Fig. 3b eight marks can be omitted in each set 
of 8*8 marks. In neither case is more than one mark of 

3 0 eight consecutive marks in a row or a column omitted as 

the error-correcting properties of the first information 
code are such that a maximum of one bit error in eight 
bits can be corrected. 

It should be pointed out that the examples in 
35 Figs 3a and 3b are just examples. With a first informa- 
tion code with the error-correcting properties describ- 
ed above, it is possible to remove marks in other 
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arrangements or patterns than those that are shown in 
Figs 3a and 3b. If a first information code with other 
error-correcting properties is taken as a starting point, 
marks can, of course, be removed in other arrangements or 
5 patterns. 

The second information code can code the additional 
information in various ways. 

A commonplace way is to either retain or omit marks 
for all nominal positions 6 in the second information 
10 code. In this way, two different information values can 
be coded. 

Another way is to omit marks in any one of a plura- 
lity of predetermined patterns or arrangements for omit- 
ting marks in the second information code. The informa- 
15 tion is then coded dependent upon which of this plurality 
of predetermined patterns is used. Examples of predeter- 
mined patterns can be those that are shown in Figs 3a and 
3b. Other examples can be based on those in Figs 3a and 
3b, but where the choice is made to retain the marks in 

2 0 certain nominal positions, for example in half of the 

nominal positions in a regular pattern. 

An additional way is to omit all marks according to 
any one of the possible patterns for omitting marks and 
to code information dependent upon the relative placings 
25 of the first information code and the second information 
code. More specifically, the first omitted mark in the 
second information code and thereby all the second infor- 
mation code can be placed differently in relation to the 
origin of the first information code. This is illustrated 

3 0 in Fig. 3a and Fig. 4 that show two different possible 

relative placings of the first information code and the 
second information code. 

Yet another way is to divide the first information 
code into cells, and let information be coded by the 
35 absence and presence of marks in the cells in the nomi- 
nal positions that belong to the second information 
code. Fig. 5a shows more specifically how the first 
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information code can be divided into fixed cells 40 that 
are 8*8 marks in size. The cells are normally not marked 
on the base on which the first information code has been 
applied, but are virtual cells. For the sake of clarity, 
5 however, they are marked in Fig. 5a by broken lines 41. 

Fig. 5a shows, in addition, the nominal positions 6 
that constitute part of the second information code. 
These nominal positions 6 form a pattern according to 
Fig. 3b. Within each cell 40 there are eight nominal 

10 positions that constitute part of the second information 
code. If each such nominal position codes the value 0 or 
1 depending upon whether the mark is present or has been 
omitted, each cell can code 2® different values, that is 
256 different values. 

15 Cells of a different size and shape can be used. In 

Fig. 5a, for example, cells can be used with 4*8 nominal 
positions in the first information code, each of which 
then contains four nominal positions in the second infor- 
mation code, which can thus code 2* different values. 

2 0 Fig. 5b shows yet another example of division 

into cells 40. This example is based on Fig. 3a. In this 
example, the cells are rotated in relation to the raster 
for the first information code. In addition, each cell 
contains four nominal positions 6 which belong to the 

25 second information code. Each cell can thus code a maxi- 
mum of 2^ different values, that is 16 different values. 

As shown in Fig. 5a, the cells do not overlap each 
other, but are fixed in relation to the first informa- 
tion code, which means that their placings are simple to 

30 determine as soon as the first information code has been 
decoded. In this case, it is assumed, however, that the 
first information code codes position information. 

In the case shown in Fig. 5b, the placings of the 
cells are determined by at least one omitted dot being 

35 identified. On the basis of this dot, the nominal posi- 
tions 6 that form the basis for the second information 
code can be identified since their relative placing in 
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the first information code is known. In addition, the 
coordinates that are defined for the nominal position 
associated with the omitted mark can be determined. As 
has been described above, the coordinates for a posi- 
5 tion are coded by the marks that belong to each set of 
8*8 nominal positions in the first information code. 
These coordinates relate to the nominal position at the 
top left in the set. The coordinates for the nominal 
position 6 or the position of the nominal position 6 

10 that is associated with the omitted mark can thus be 

determined. As the rotation of the cells and their plac- 
ing in relation to the first information code is known, 
the cells 40 can be defined in any part of the informa- 
tion code, when an omitted mark has been identified and 

15 the coordinates for this omitted mark have been deter- 
mined. 

The decoding of the first information code is bas- 
ed on 8*8 marks to make possible error correcting. If a 
decoding device records an image of the information code 

20 that does not comprise more than precisely 8*8 marks, it 
is not certain that the marks recorded in the image com- 
prise a whole fixed cell for decoding the second infor- 
mation code. If all or most of the cells code the same 
value, this constitutes no problem, however, as the 

25 decoding can then be carried out on the basis of parts 
of several adjacent cells in the image. 

If the decoding device records an image with at 
least 15*15 marks, a whole cell will always be included 
within the recorded marks. In addition, a cell value can 

3 0 be determined if required, using information from several 
images recorded by a decoding device. 

The second information code can code different types 
of information. It can be used for superimposing a second 
information layer on the first information layer coded by 

35 the first information code. The second information layer 
can, for example, contain height information which is 
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related to positions on a map, which positions are coded 
by means of the first information code. 

In addition, the second information code can be used 
to indicate or activate different fields with different 
5 functions on a physical base which is provided with a 
first information code. The indication and/or activa- 
tion can be carried out in a corresponding way to that 
described in SE 0103029-5 and SE 0201846-3 mentioned by 
way of introduction. 

10 Fig. 6 shows schematically an e-mail form 60 which 

is divided into three different fields with different 
functions. A first field 61 is intended for message 
information that is to be recorded and processed only as 
a sequence of coordinates. A second field 62 is intended 

15 for address information that is to be interpreted using 

ICR (Intelligent Character Recognition) . A third field 63 
constitutes a so-called send box that indicates that one 
or more coordinates that are recorded from this area are 
to be interpreted as an instruction that message infor- 

2 0 mat ion recorded from the first field is to be sent to the 
address recorded from the second area. 

The whole e-mail form 60 is provided with the first 
information code. The three different fields can be dis- 
tinguished by means of the second information code, in a 

25 corresponding way to that described in the above-mention- 
ed SE 0103029-5. For example, the second information code 
can be divided into cells that code different values in 
the three different fields or the pattern of omitted 
marks can be displaced in different ways relative to 

30 the first information code in the three fields. In this 
example, the whole e-mail form 60 is thus divided into 
fields, which are provided with the second information 
code, which accordingly extends over the whole e-mail 
form. According to another alternative, the send box 63 

35 and address field 62 can be defined as fields that are 

indicated by means of the second information code, while 
the remaining part 61 of the form is regarded as a back- 
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ground where no marks are omitted and where accordingly- 
only the first information code is to be found. 

As yet another example, the second information code 
can be position coding in a corresponding way to that 
5 described in SE 0201846-3. The first information code 

is then suitably divided into cells, each of which codes 
four different values. The position coding can then be 
carried out in the way that is described in the above- 
mentioned WO 01/26032, whereby the cells with their four 

10 different possible values correspond to the marks in WO 
01/26032. The second information code then codes coordi- 
nates for points in a second coordinate system or on a 
second imaginary surface so that the position information 
can be separated from the position information that is 

15 coded by the first information code. The number of cells 
that code coordinates for a point in the second coordi- 
nate system can be considerably less than the number of 
marks in the first information code that code coordinates 
for a point. Using a position-coding second information 

20 code that is used for indicating a field on a physical 
base, the so-called pen point displacement problem can 
be solved. In a pen that has a pen point that is used to 
make pen strokes on a physical base with an information 
code and a sensor that is used to record the information 

25 code, the pen point and the sensor can be displaced in 
relation to each other. It can then occur that the user 
points with the pen point in one field with a particular 
function, but that the sensor, due to the displacement, 
records the information code in another field. If the 

30 second information code is position coding and extends 

outside the actual field, the decoding device can deter- 
mine where the pen point is located and whether it is 
inside or outside the actual field. 

The information code described above can be applied 

35 on a physical base or product. It can, for example, be 
printed out on a sheet of paper. 
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Now follows a description of how the coding of the 
information code can be carried out in a coding device, 
which is illustrated schematically in Fig. 7. The coding 
device, which for example can be realized by means of an 
5 ordinary personal computer, comprises a processing unit 
70 which in addition to the actual processor 71 comprises 
a working memory 72 and a program memory 73 which stores 
a program for producing the information code. The coding 
device comprises, in addition, an input means 74 which 

10 makes it possible for a user to input information into 

the processor concerning a required layout for the infor- 
mation code on a physical base. The input means 74 can, 
for example, be a keyboard or a mouse or some other cor- 
responding input unit that is normally used together with 

15 a computer. In addition, a unit 75 can be connected to 

the coding device which, on the basis of a digital repre- 
sentation of an information code, applies a graphical 
representation of the information code on a product. The 
unit can, for example, consist of a printer that prints 

2 0 out the information code on a sheet of paper or alterna- 

tively be some form of printing device. 

With reference to the flow chart in Fig. 8, there 
now follows a description of how the coding can be car- 
ried out in the case when the additional information is 
25 coded by the first information code being divided into 

cells and by these being allocated values for indication 
of different fields. 

In a first step 80, the processor 71 in the coding 
device receives an indication entered by the user of 

3 0 which coordinate area is to be coded by the first infor- 

mation code. The indication can consist of a selection 
from predefined coordinate areas or an explicit indica- 
tion of an area in the form of, for example, a pair of 
coordinates defining the top left corner of the area and 
35 a width and a height on the page. In association with 
this step, space is allocated in the working memory 72 
for storage of a digital representation of the informa- 
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tion code. For each mark that is included in the infor- 
mation code, the processor thereafter calculates a value 
that indicates the placing of the mark, in step 81. How 
such a calculation can be carried out is described in the 
5 above-mentioned WO 01/26032. The value of the respective 
mark is stored in a first matrix in the working memory 
72. The value can, for example, be given as a number 
between 0 and 3, where 0 means that the mark is displaced 
to the right from its nominal position, 1 that it is dis- 

10 placed upwards, 2 that it is displaced to the left and 3 
that it is displaced downwards. 

After this the processor 71 receives an indication 
of at least one field of a certain type that is to be 
indicated by means of the second information code and the 

15 placing of this field within the coordinate area that is 
coded by the first information code, step 82. 

On the basis of the indication in step 82, the pro- 
cessor determines a second matrix that defines the cell 
values for the indicated field or fields. The indicated 

2 0 fields can, as has been described above, cover all or a 

part of the coordinate area that is to be coded by the 
first information code. The second matrix constitutes the 
input signal to the next step in the coding. In the fol- 
lowing step, the processor 71 determines, on the basis 

25 of the cell values defined in the second matrix and in 

accordance with a predetermined algorithm that states how 
the cell values are coded, whether each of the marks that 
correspond to nominal positions in the second information 
code is to remain in the information code or is to be 

30 omitted, step 83. More specifically, the processor deter- 
mines a third matrix that is the same size as the first 
matrix, in which it allocates the marks that are to be 
omitted the value 4 and the other marks the value 0. 

Finally, a fourth matrix is created as the sum of 

3 5 the first matrix and the third matrix. Marks' that are 

to be found in the information code have a value in the 



fourth matrix that codes their placing. Marks that are 
to be omitted have a value that is 4 or higher. 

When the coding is completed, the infoirmation code 
can be printed out if so required, using the printer 75. 
5 The fourth matrix can, for example, be sent to a program 
that generates a PostScript file for printout on the 
printer . 

Fig. 9 shows an example of how a hand-held user unit 
which can be used as a decoding device, can be realized. 

10 It comprises a casing 91 which is approximately the same 
shape as a pen. In the end of the casing there is an 
opening 92. The end is intended to abut against or to be 
held a short distance from the surface from which the 
position-coding pattern is to be recorded. 

15 The casing contains principally an optics part, an 

electronic circuitry part and a power supply. 

The optics part comprises at least one light - 
emitting diode 93 for illuminating a partial area of the 
surface with the information code and a light-sensitive 

20 area sensor 94, for example a CCD or CMOS sensor, for 
recording a two-dimensional image of the information 
code on the surface. If required, the device can also 
contain an optical system, such as a mirror and/or lens 
system. The light -emitting diode can be an infrared 

25 light -emitting diode and the sensor can be sensitive to 
infrared light. 

The power supply for the device is obtained from a 
battery 95, which is mounted in a separate compartment 
in the casing. It is also possible to provide the power 

30 supply via a cable from an external power source (not 
shown) . 

The electronic circuitry part contains a processing 
unit 96 with a processor which is programmed to record 
images from the sensor 94 and to decode the information 
35 code in these images, plus a working memory and a program 
memory. In addition, the processor can be programmed to 
carry out certain operations on the basis of the decoded 
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information. The processor can, for example, send infor- 
mation to a specific address that is included in the 
decoded information, as a result of it interpreting and 
processing the decoded information. 
5 For this purpose, information is stored in the user 

unit which makes it possible for this to determine how 
the decoded information is to be processed/interpreted . 
The information can, for example, include which fields 
are coded by which cell values and/or by which displace- 

10 ments of the second information code relative to the 

first information code and/or by which specific patterns 
of omitted marks. 

In this embodiment, the user unit also comprises a 
pen point 97, with the aid of which the user can write 

15 ordinary pigment -based writing on a base from which the 
coding pattern is to be recorded. The pen point 97 is 
extendable and retractable so that the user can control 
whether or not it is to be used. In certain applications, 
the user unit does not need to have a pen point at all . 

2 0 The pigment -based writing is suitably of a type that 

is transparent, that is non- absorbent , to infrared light 
and the marks suitably absorb infrared light. By using 
a light -emit ting diode which emits infrared light and a 
sensor which is sensitive to infrared light, the detec- 

25 tion of the pattern can be carried out without the above- 
mentioned writing interfering with the pattern. 

The user unit can also comprise buttons 98, by means 
of which the device can be activated and controlled. It 
also has a transceiver 99 for wireless transmission of 

30 information to and from the device, for example using 

infrared light, radio waves or ultrasound. The user unit 
2 can also comprise a display 900 for displaying recorded 
and/or processed information. 

The user unit can be divided between different phy- 

35 sical casings, with a first casing containing components 
which are required for recording images of the coding 
pattern and for transmitting these to components which 
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are contained in a second casing and which decode the 
coding pattern in the recorded image or images. 

An example of how the decoding of the information 
code described above can be carried out will now be 
5 described with reference to the flow chart in Fig. 10. 
The example is based on the second information code 
coding information by means of cell values and on the 
information code that covers the base comprising the 
second information code. 

10 In a first step 100, the processor unit 96 in the 

user unit receives a digital representation of the 
information code that the sensor 94 recorded locally at 
the end of the user unit. The processor unit 96 there- 
after decodes the first information code by identifying 

15 the marks in the digital representation, determining the 
virtual raster and the placing of the marks in relation 
to this and by calculating a pair of coordinates, step 
101, on the basis of the placing of a predetermined num- 
ber, for example 8*8, of the identified marks. The decod- 

20 ing of the first information code comprises error correc- 
tion of the nominal positions 6 that do not have marks 
because they are in the second information code. A more 
detailed description of how the first information code 
can be decoded is to be found in WO 01/26032. A descrip- 

25 tion of how the virtual raster can be determined is also 
to be found in WO 01/26034, WO 01/75783 and SE 0104088-0, 
which are all assigned to the same Applicant as the 
Applicant for the present application. 

When the first information code has been decoded, 

30 the processor unit 96 can determine, in step 102, how 
the cells that are used for the decoding of the second 
information code are placed, since the placing of the 
cells is fixed in relation to the first information code. 
When the placing of the cells has been determined, the 

35 processor unit can, in addition, determine which nominal 
positions 6 in the second information code belong to the 
respective cells and it can thus determine which of these 
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nominal positions have an associated mark and which do 
not have an associated mark and thereby determine the 
cell value, step 103, for example by means of a table 
that is stored in the memory of the user unit. Alterna- 
5 tively, the cell value can be given directly by an omit- 
ted mark coding a first bit value and a mark that is 
present coding a second bit value, the cell value being 
determined from the combination of bit values. Steps 102 
and 103 thus correspond to a decoding of the second 

10 information code. 

When the second information code has been decoded, 
the processor unit 96 can determine which field is coded 
by the second information code, step 104. It thereafter 
processes the pair of coordinates in a way that depends 

15 upon the detected field, step 105. If, for example, the 
cell value corresponds to the first field 61 in the 
e-mail form 60 in Fig. 6, the pair of coordinates decoded 
from the first information code is processed in the 
memory as a pair of coordinates belonging to a normal pen 

20 stroke on the surface. If instead, the processor unit 96 
determines that the cell value corresponds to the second 
field 62, then the pair of coordinates will be stored for 
later ICR interpretation (ICR = Intelligent Character 
Recognition) . If, finally, the processor unit determines 

25 that the cell value corresponds to the "send" box 63, the 
pair of coordinates will be processed as an instruction 
to send previously stored message information to an 
address that was ICR interpreted from the second field 
62. The description of which fields are coded by the dif- 

3 0 ferent cell values can be stored in the memory of the 
user unit. 

The description above is based on decoding of the 
second information code when this codes information by 
means of cell values. If the second information code 
35 instead codes information by a predetermined pattern of 

omitted marks being displaced in various ways in relation 
to the first information code, then the processor unit 96 
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instead detects one or more nominal positions 2 in the 
first information code that do not have marks. With know- 
ledge of the pattern for omission of marks, the processor 
unit 96 can thereafter calculate how the second informa- 
5 tion code is displaced relative to the first information 
code. More specifically, the processor unit 96 determines 
the positions of the omitted marks in relation to the 
origin and determines from these what value is coded by 
the second information code. 

10 If the second information code instead codes infor- 

mation by the use of one of a plurality of predetermined 
patterns for the omission of marks, then the processor 
unit detects which nominal positions 2 do not have marks 
in the first information code. As a result, the processor 

15 unit 96 can, for example, determine whether the pattern 
of omitted dots is the one shown in Fig. 3a or 3b, or 
some other predetermined pattern and thereby determine 
what value is coded by the second information code. 

The second information code can also code informa- 

20 tion on the basis of a combination of cell values and 
pattern displacement. 

As described above, the idea of omitted dots can 
also be used to achieve copy protection for sheets of 
paper with information code of the type described above 

25 or a similar type. 

The copy protection is based on the fact that marks 
that are normally included in the first information code 
are omitted in the way described above in association 
with the second information code, but that interference 

30 marks are associated with the nominal positions 6 for 
which the ordinary information marks are omitted. The 
interference marks are printed with different optical 
characteristics to those of the ordinary information 
marks, more specifically with such optical characteris- 

35 tics that are not visible to the decoding device that 

decodes the information coding pattern. In addition, the 
interference marks are placed in relation to the asso- 
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ciated nominal position in a manner that is different 
to the manner in which the omitted mark would have been 
placed. The placing is preferably mirror- inverted, as 
then both the corresponding bit in the x-bit matrix and 
5 the . corresponding bit in the y-matrix will be incorrect. 

As the interference mark is invisible to the decod- 
ing device, this will not detect the interference mark, 
but will carry out the decoding as if the mark was omit- 
ted. As a result of redundancy in the information code, 

10 the decoding device can decode the information correctly, 
in spite of certain marks being missing. As the decoding 
device detects in which position the mark is missing, it 
also knows which bit in the corresponding column and row 
is to be error corrected. As the 8 -bit long partial 

15 sequences in the main number sequence do not occur with 

one bit inverted, it is simple for the decoding device to 
determine which bit is correct in the position where the 
mark is missing. 

If, for example, a sheet of paper, which is provided 

2 0 with this type of copy-protected information code, is 

copied, all the marks will have the same optical charac- 
teristics. All the marks will then be detected by the 
decoding device, but the interference marks will result 
in 8 -bit sequences appearing during the decoding that are 
25 not found in the main number sequence. 

The decoding device will be able to detect that the 
decoded bit matrices contain errors or that the decoded 
position is improbable in relation to the adjacent decod- 
ed positions, but will not be able to correct the error 

3 0 or errors since, unlike when a mark is omitted, it does 

not know which bits are to be corrected. 

The copy protection is illustrated in Figs 11a- 11c . 
Fig. 11a shows a set of 8*8 marks 1 that code a position. 
Fig. lib shows the same set of 8*8 marks as in Fig. 11a, 
35 but with omitted marks for certain nominal positions. 

Fig. lib also shows by dotted circles S how interference 
marks, which are invisible to a decoding device that can 
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decode the information code, are placed. A comparison of 
Fig. 11a and Fig. lib shows clearly that the placing of 
the interference marks is mirror- inverted in relation to 
the placing of the omitted marks. Fig. 11c illustrates 
5 how the 8*8 set in Fig. lib appears after copying. 

The normal marks can be printed with carbon-based 
black pigment and are detected by an infrared-sensitive 
sensor in a decoding device. The interference marks can 
be printed with a black pigment that does not contain 

10 carbon. Both carbon-based black pigment that absorbs 

infrared light and non-carbon-based black pigment that 
does not absorb infrared light are available on the 
market. The non- carbon -based pigment does not need to be 
black, but can instead appear black and can be made up of 

15 a combination of colours such as cyan, magenta and yellow 
during the printing process. 

Examples of possible black carbon-based and non- 
carbon-based pigments are described in US 5,145,518, 
US 5,208,630, US 5,225,900, US 5,256,193, US 5,271,764, 

20 US 5,291,243 and US 5,286,286. 

In the example with a detector that is sensitive to 
infrared radiation, the essential factor concerning the 
copy protection is that when the interference marks are 
copied, they are changed from not absorbing infrared 

25 radiation to absorbing infrared radiation. 

As another example, the copy protection can be rea- 
lised by letting the ordinary marks be fluorescent in, 
for example, ultraviolet light, while the interference 
marks are not fluorescent in the same light. When they 

3 0 are copied, the non- fluorescent interference marks are 

changed to being fluorescent, so that all the marks have 
essentially the same optical characteristics. 

A further variant could be to use a colour-sensitive 
decoding device and to let the ordinary marks be a first 

35 colour and the interference marks a second colour. Such 
copy protection can, however, be circumvented by using a 
colour copier. 
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It should be pointed out that it is of no importance 
whether the ordinary marks and the interference marks can 
be distinguished by the naked eye. What is important is 
that the marks on an original can be distinguished by a 
5 decoding device which is arranged to detect the informa- 
tion code, but that after copying they cannot be distin- 
guished by the decoding device. 

In addition, as has been pointed out above, the 
interference marks do not need to be invisible to the 
10 decoding device on the original. It is sufficient for 

the decoding device to be able to distinguish between the 
ordinary information marks and the interference marks. 

The coding of the information code with built-in 
copy protection can be carried out using the same coding 
15 device and in essentially the same way as described above 
concerning the coding of the second information code. 
When printing the information code, however, the values 
in the fourth matrix are interpreted as follows: 



2 0 0 = normal mark displaced to the right 

1 = normal mark displaced upwards 

2 = normal mark displaced to the left 

3 = normal mark displaced downwards 

4 = interference mark displaced to the left 
25 5 = interference mark displaced downwards 

6 = interference mark displaced to the right 

7 = interference mark displaced upwards 



The actual printout of the information code can 
3 0 be carried out either in one pass, for example with an 

ink- jet printer where different marks can be printed out 
using different pigments, or in two passes, for example 
in a printing process with different pigments in the dif- 
ferent passes . 

3 5 The example above is based on marks being omitted 

for certain nominal positions in the first information 
code and on interference marks being inserted in these 
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positions. Another possible solution is only to insert 
interference marks, without omitting marks in the first 
information code. In this case, however, the interference 
marks must be inserted closer together than in the case 
5 where marks are omitted, since one known incorrect mark 
can be corrected by the user unit. Several incorrect 
marks are, however, more difficult to correct, as there 
are several different possibilities for the correction. 
The copy protection can be introduced over all or 
10 parts of an information code. If the information code 
contains the "send" box 63 in Fig. 6, it can be suffi- 
cient to introduce the copy protection in this, as it 
will then be impossible to send information using the 
"send" box. 

15 It should also be pointed out that the copy protec- 

tion can be combined with the second information code, 
with interference marks being inserted in the nominal 
positions that are included in the second information 
code and that do not have an associated mark. 

20 Al t ernat i ve Embodiment s 

It has been described above how additional informa- 
tion can be coded in an information code by the omission 
of marks. The description has been given with reference 
to a special information code. The idea can, however, be 

25 applied to other types of information codes which redun- 
dantly code at least one first information element by 
means of a plurality of marks. Examples of such other 
information codes are to be found in, for instance, 
WO 00/73983, WO 99/50787 and US 6,208,771. 

3 0 It has also been described above how copy protec- 

tion can be achieved by the insertion of an interference 
mark in an information code. The description has been 
given with reference to a special information code. The 
idea can, however, be applied to other information codes 

35 which code at least one first information element by 

means of a plurality of marks. Examples of such infor- 
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mat ion codes are to be found in, for instance, 
WO 00/73983, WO 99/50787 and US 6,208,771. 

The information codes described above have a raster 
that creates a square grid. This is not necessary. The 
5 raster can, for example, be triangular or hexagonal, with 
the nominal positions consisting of points where the 
raster lines intersect. 

In the description above, the value of each mark is 
coded by its placing in relation to a reference point. In 
10 other applicable information codes other parameters, such 
as the shape or colour or size of the mark, can be used 
to code the value of the mark. 



